1. Numerical models that predict trophic structure require both accurate information on prey consumption rates and estimates of spatial and temporal variation. In the Southern Ocean little information exists on the spatial and temporal patterns of resource use by predators, so we attempted to examine these patterns for an important Antarctic predator, the southern elephant seal. We (i) defined the area of the ocean used by the adult female component of the elephant seal population at Macquarie Island; (ii) quantified the time these seals spent in the different regions of the Southern Ocean; and (iii) estimated the biomass of fish and squid prey consumed per fortnight and per region. 2. We used data from 42 post-breeding females collected from 1992 to 2001. The data consisted of locations determined by geo-location (based on light intensity) recorded using dataloggers. A randomized, incremental analysis of at-sea locations indicated that a sample of 25 individuals was required to provide 95% coverage of the total area of ocean used. 3. The greatest amount of time (44·6%) was spent in the region between the Antarctic Polar Front (APF) and the Subantarctic Front (SAF). Up to 20% of time was spent south of the Antarctic Circle or within Commission for the Conservation of Antarctic Marine Living Resources (CCAMLR) Statistical Subareas, indicating that seals from Macquarie Island are also important summer-time predators in high Antarctic waters. 4. The adult female population was estimated to consume 122·73-125·81 × 10 6 MJ for the post-lactation foraging trip (31 142-31 925 tonnes of prey). Of this, 47·2-53·4% was consumed within the CCAMLR Statistical Subareas and the Australian and New Zealand exclusive economic zones (EEZ). 5. Synthesis and applications . Our study emphasizes that (i) a large sample of individual seals (25) can estimate spatial trends in prey consumption; (ii) much of the estimated prey consumption occurs within fishery-managed zones, therefore elephant seals should be included in models predicting trophic structure in the Southern Ocean; and (iii) recent commercial fishery catch within these zones is minimal relative to the prey consumed by elephant seals, but increases in fishing activity in these zones may result in competition for marine resources.
Introduction
Ocean fisheries' management practices that attempt to understand the relationships between fishing and other top-level predators are often faced with incomplete information (Furness & Tasker 2000; Bjørge et al . 2001) . This is likely to produce unpredictable outcomes on species occupying the lower trophic levels due to the complicated and largely unpredictable results from altering the population size of secondary producers (Yodzis 2000) . This dilemma is particularly pronounced in the Antarctic and Southern Ocean marine ecosystem where there is a low diversity of secondary producer species (such as the Antarctic krill Euphausia superba ) although these few species occur in vast numbers and are important for the system as a whole (Croxall, Reid & Prince 1999) . The Commission for the Conservation of Antarctic Marine Living Resources (CCAMLR) is responsible for managing fisheries in the Antarctic region and it attempts to do so from an ecosystem perspective, by maintaining the ecological relationships between harvested, dependent and competing populations (Agnew 1997; Constable et al . 2000; Parkes 2000) .
Given the complexity of even those systems with low species diversity, such as the Southern Ocean, and the practical difficulties of obtaining data on many of the trophic links, a common approach is to use numerical models to predict trophic structure (Croll & Tershy 1998; Thompson et al . 2000) . Such models require information on, amongst other things, predator consumption rates, animal abundance, metabolic rates and diet composition. In addition, all ecological data need to be summarized within a spatial and temporal context because the structure of the ocean changes seasonally, annually and regionally.
There have now been numerous studies investigating the space used by Antarctic predators within the Southern Ocean (Boyd 1989; Field et al . 2001; Guinet et al . 2001; Weimerskirch et al . 2002) and some of these have been used in attempts to model the potential impacts of fisheries on local ecosystems (Thompson et al . 2000; Goldsworthy et al . 2001) . However, most of these studies are based on limited samples in terms of the number of animals tracked and temporal restrictions (i.e. during specific times of the year). There have been no attempts to assess how representative these samples are of the entire population.
Southern elephant seals Mirounga leonina (Linnaeus 1758) are numerous, wide-ranging consumers of large quantities of Southern Ocean resources. Santos, Clarke & Pierce (2001) estimated that the total world population of southern elephant seals consumed approximately 4·5 million tonnes of prey (primarily squid) annually (based on a population size of 600 000). This represents 19-36% of the total Antarctic consumption of cephalopods by sperm whales, beaked whales, seals and seabirds combined (Clarke 1983 ). Southern elephant seals also range widely and feed within the economic exclusion zones (EEZ) of several nations (e.g. Argentina, Australia and New Zealand), as well as within the regions of the Southern Ocean managed by CCAMLR Campagna et al . 1995; Lewis, Campagna & Quintana 1996; McConnell & Fedak 1996) .
There have been many studies on the diet, behaviour and spatial use of southern elephant seals Rodhouse et al . 1992; Green & Burton 1993; Slip 1995) that provide potentially important input parameters for ecosystem models. However, as with many other Southern Ocean predators, different age and sex classes of southern elephant seals can differ in their spatial and temporal patterns of feeding McConnell & Fedak 1996; Hindell et al . 1999; Field et al . 2001; Bradshaw et al . 2002; van den Hoff et al . 2002) . This makes it necessary to quantify and model these components separately to form a complete population model.
The Macquarie Island population of southern elephant seals has been studied since the 1950s (Carrick & Ingham 1960) and has received particular attention over the last decade largely in response to the need to understand the on-going decline in population size (Hindell 1991; Hindell & Slip 1997 ). An important aspect of this research has been to quantify the at-sea movements of the seals, and now these data provide a sufficiently large sample of animals to address the representativeness of the foraging data relative to the breeding female population.
The specific aims of this study were therefore to: (i) determine the sample of individual seals required to provide a reliable indication of the regions of the ocean used by the adult female component of the Macquarie Island population during summer; (ii) quantify the time that these seals spend in the different regions of the Southern Ocean with respect to management zones, and with respect to ecological zones delimited by oceanographic features; and (iii) construct a simple model to estimate the potential summer prey consumption within these political and ecological zones.
Materials and methods

 
Since 1990, 42 separate adult female southern elephant seals have been fitted with time-depth recorder archival tags (TDR; Wildlife Computers, Seattle, WA, USA) at Macquarie Island (54 ° 35 ′ S, 158 ° 55 ′ E). For each individual, we only selected the first TDR record because many had multiple TDR deployments. The TDR sampled time, depth, light level and temperature every 30 s for the duration of the 10-week post-lactation foraging trip. The details of how the units were attached, how the data were retrieved and summarized, and how the locations were determined have been presented elsewhere (Hindell & Slip 1997; Bradshaw et al . 2002) .
The resulting locations were filtered to exclude any falling outside a maximum velocity of 300 km day
) . Once filtered, the tracks for each seal were divided into seven fortnightly intervals beginning from 16 October 1999 and continuing to 31 January 2000. We summarized these locations by creating a raster grid with cells of 350 × 350 km .
  
There are several techniques used to calculate the minimum number of location fixes required to estimate an individual's use of its environment adequately. A conventional approach is to collect enough fixes so that the addition of subsequent fixes does not expand the range area significantly (White & Garrott 1990) . We adopted a similar logic, but used the number of individuals within the population as opposed to the number of geographical positions obtained per individual.
We initially selected, at random, one of the 42 seals and calculated the total area of ocean used by this seal by summing the number of grid cells used during its post-lactation foraging trip. From the seals remaining in the sample, we selected a second one at random and recalculated the sum of the area used by both seals. We repeated this procedure until all 42 seals were included in the calculation of total area. We then used a Monte Carlo bootstrap technique to estimate mean use and the associated variance (Manly 1997; Chernick 1999) . We repeated the above process 10 000 times, calculating the area occupied by j seals, plus the associated standard error ( 2 boot ):
where n = the number of iterations, X = the mean area occupied by j seals, and x i = the area occupied by the j th seal at iteration i (Chernick 1999) . Thus, different seals were chosen at random for each of the 10 000 iterations.
The resulting curve was examined for evidence of an asymptote within the sample of 42 seals, which could be taken as evidence for a maximum area occupied by j seals. For example, if there was no significant increase in total area occupied after 20 seals were included in the sample, this could be taken as evidence that, on average, 20 randomly selected adult female seals from the Macquarie Island population would estimate the total spatial extent occupied by the population of adult females.
We also expressed these data in terms of the total potential ocean area available to the seals, by projecting a maximum distance radius from Macquarie Island based on mean and maximum rates of travel observed for this species (McConnell & Fedak 1996) . These were:
Radius 1 − mean: 79·4 km day − 1 × 0·5(101 days) = 4009·7 km Radius 2 − maximum: 115·0 km day − 1 × 0·5(101 days) = 5807·5 km where 101 days represents the longest post-lactation foraging trip observed for the sample of 42 TDR records used in the analysis (Table 1 ).
All radii were extended from Macquarie Island based on a Azimuthal Equidistant map projection (Gudmundsson & Alerstam 1998) . However, that projection does not conserve area over broad spatial scales; therefore, we transformed the resulting circles into a Lambert Azimuthal projection. All land areas (e.g. Australia, New Zealand, Antarctica) falling within these radii was excluded from the estimates of total area.
          
Using a second Monte Carlo bootstrap, we calculated the mean number of seal hours in each 350 × 350-km grid cell and their standard errors. This technique involved selecting 42 seal records at random with replacement from the sample available (Chernick 1999) . The number of hours that these sampled seals spent in each grid cell and the coordinates of the cells themselves were retained. This process was repeated 10 000 times to produce 10 000 possible scenarios of seal use. The mean number of hours per grid cell and its standard error were calculated following the method outlined above (Chernick 1999) . We also divided the data into seven fortnightly intervals, from the last fortnight in October through to the last fortnight in January. The bootstrap method with replacement was used to calculate the mean number of seal hours (and standard error) for each grid cell for each fortnightly interval. These values were also expressed as proportions of the total mean seal hours spent at sea.
       
We separated the total number of seal hours, and the relative proportion of time spent, into each of the three CCAMLR Statistical Subareas (58·4·1, 88·1 and 88·2), as well as the Macquarie Island (Australian) and New Zealand 200-nautical mile EEZ. We defined a grid cell as falling within a particular zone when ≥ 50% of the grid cell fell within that zone. We also calculated the overlap between grid cells and the following four oceanographic regions: (i) south of the southern limit of the Antarctic Circumpolar Current (SACC); (ii) between the SACC and the Antarctic Polar Front (APF); (iii) between the APF and the Subantarctic Front (SAF); and (iv) north of the SAF. The limits of these frontal zones were defined as the average position of these fronts compiled from all historical hydrographic stations collected prior to and including 1990 (Orsi, Whitworth & Nowlin 1995) .
     
We estimated prey consumption by seals for each of the fisheries management and ecological zones using a simple energetic model based on Goldsworthy et al . (2001) . First we calculated the number of hours spent by all seals in each 350 × 350-km grid cell. This was based on the results of the bootstrap analysis where the average proportion of time that the sample of 42 seals spent in each cell was calculated. These proportions were then converted to the total number of seal days per cell based on the estimated population of 20 300 adult female elephant seals at Macquarie Island . We multiplied the number of seal days per grid cell by the at-sea field metabolic rate of 101 MJ day − 1 seal − 1 (Hindell & Lea 1998) to derive an estimate of the total energy consumption per cell.
We then converted total energy consumption per cell into total mass of prey consumed. For this we assumed an average diet composition of 55% squid and 45% fish (Slip 1997b) , with a mean energy density of 3·645 kJ g , respectively, and an overall energy assimilation rate of 75% (Boyd, Arnbom & Fedak 1994; Goldsworthy et al . 2001) . Although Boyd, Arnbom & Fedak (1994) suggested an alternative diet composition of 75% squid and 25% fish, they conceded that fish were probably underrepresented in stomach flushes. We therefore used an estimation of dietary composition that is richer in fish (Slip 1997b) .
Results
  
The curve for the number of grid cells used with increasing number of seals exhibited a clear asymptote (Fig. 1 ). To test whether the asymptotic form of the curve was a true reflection of the relationship rather than an artefact of the bootstrap method, we calculated separate curves for randomly selected samples consisting of 12, 22 and 32 seals, and recalculated the curve. All of these subsample curves fell within approximately 1 SD of the mean values generated from the entire sample. This corroborates the general form of the curve because a small sample of seals (12 seals) did not exhibit an asymptote (Fig. 1) .
We plotted the total area occupied vs. the number of seals tracked (corrected for area bias by multiplying the cosine of latitude for each grid cell and the grid cell area of 350 × 350 km) as:
where a = 9·37 × 10 10 and b = 2·83 × 10 − 5 ( r 2 > 0·999, F 1,40 = 252402·6, P << 0·0001).
We extended the maximum area occupied predicted from the power function to 200 seals and compared this with the maximum areas calculated from the maximum velocity radii (Figs 2 and 3 ). This suggests that 42 seals provided a realistic estimate of the total area used by the adult female seal population at Macquarie Island. Further, the asymptote was considerably lower than the maximal areas calculated from the mean and maximum velocity radii (23·2% of area from radius 1; 11·3% of area from radius 2; Fig. 2 ), indicating a high degree of selection of specific ocean regions largely to the south and east of Macquarie Island.
          
The seals spent an average of 77·3 ± 1·5 days (mean ± SE) at sea and ranged from 125 ° E to 140 ° W longitude and 45 ° S to 67 ° S latitude (Fig. 3) . The amounts of time spent in the various zones over each fortnightly period were highly variable (Tables 2 and 3 ). Dispersion was least in late October and again in late January, because these were periods spent travelling to and from foraging areas. Dispersion was greatest in November and early December, when most seals were evidently in foraging areas.
     
Twenty-seven per cent of the seals' time was spent in CCAMLR Statistical Subareas 88·1, 88·2 and 58·4·1, and 23·3% of the time was spent in the Australian EEZ for Australia and New Zealand ( Table 2 ). The remaining 49·7% of time was spent outside management zones. CCAMLR Subarea 88·1 was used the most (21·8% time spent at sea). Approximately equal amounts of time were spent in Australian (10·4%) and New Zealand (13%) EEZ.
The amount of time spent in each management zone also varied widely between fortnights (Table 2 ). In late October (only 439·5 seal hours recorded) most seals had not yet left Macquarie Island, or had only just departed, and were therefore still within the Australian EEZ. During November and December the proportion of time spent in the CCAMLR Subareas remained fairly consistent, although there was considerable variation in the time spent in the EEZs (Table 2) .
      
Seals spent most of their time at sea (44·6%) between the SAF and APF (Table 3 and Fig. 3 ). Some 31·6% of their time was spent north of the SAF, 19·7% between the APF and SACC, while only 4·1% was spent south of the SACC. As might be expected, seals spent a considerable portion (81·4%) of the first fortnight in the northern-most zone. This was not the case for the last fortnight, probably reflecting a few individuals who lingered in this zone prior to returning to Macquarie Island. Except for late January, seals spent little time (1·4 -7·3%) in the southern-most zone. In the next most southerly zone (zone 2), the time spent ranged from 16·1% to 31·7% (excluding late October). Zone 3 exhibited the highest usage in four of the seven fortnightly periods, ranging from 36·6% to 54·8%. The most northerly zone (zone 4) was the most important during three of the seven fortnightly periods (late October and early November, and in late January).
     
Estimates of total energy consumption are presented in Tables 4 and 5 , and the corresponding estimates of total fish and squid prey consumption are presented in Tables 6 and 7 . We estimate that the adult female population at Macquarie Island consumes 122·73-125·81 × 10 6 MJ during the post-lactation foraging trip (Table 5) , accounting for 13 886-14 236 tonnes of fish and 17 256 -17 690 tonnes of squid (Table 7) .
Approximately 15 078-16 639 tonnes (i.e. 47·2-53·4%) were consumed in the management zones (Table 6 ), but mostly within the three CCAMLR Statistical Subareas. Prey consumption within these CCAMLR Subareas was 7801-9193 tonnes, which equates to 6·2-13·5% of their total post-lactation prey consumption (Table 6) .
Because most time was spent between the APF and SAF, most prey was consumed in this zone (12 673-12 953 tonnes), followed closely by the zone lying to the north of the SAF (10 398-10 662 tonnes). Only 1315 and 1363 tonnes of prey were eaten in the most southerly and least-visited zone (Table 7) .
Discussion
  
We determined with reasonable accuracy (95%) the number of seals required to give a useful representation of the spatial extent achieved by the population of adult female southern elephant seals from Macquarie Island. The relative increase in the relationship between area occupied and the number of seals tracked diminished substantially after approximately 25 individuals. Therefore, studies investigating the southern elephant seal foraging behaviour and extent should Oct2) to the end of January (Jan2). The numbers following the month abbreviations indicate either the first (1) or second (2) fortnight of that month Table 3 . The mean proportion of total time each fortnight spent (from mid-October, Oct2, to the end of January, Jan2) in each of the oceanographic zones (Antarctic Circumpolar Current, ACC; Antarctic Polar Front, APF; Subantarctic Front, SAF) derived from the bootstrap analysis of 42 post-lactating southern elephant seals. Also shown is the mean total time (h) that the seals spent at sea for each fortnightly period. The numbers following the month abbreviations indicate either the first (1) or second (2) fortnight of that month Subareas 88·1  0·5  13·3  16·9  17·1  22·6  28·8  36·0  21·8  88·2  -0·3  1·0  2·6  ---0·7  58·4·1  0·9  1·7  6·9  6·8  3·9  1·8  0·3  4·6  Total  1·4  15·3  24·9  26·4  26·6  30·6  36·3  27·0  EEZ  Australia  12·3  18·0  7·0  4·2  5·0  19·8  23·9  10·4  New Zealand  37·4  18·7  4·9  11·6  15·0  15·9  12·7  13·0  Total  49·7  36·7  11·9  15·7  19·9  35·8  36·6  23·3  Combined management zones  51·1  52·0  36·8  42·1  46·5  66·4  72·9 -1·6  7·3  3·8  3·9  1·4  12·7  4·1  2 ACC-APF  4·7  16·1  19·1  26·8  21·9  21·7  31·7  19·7  3 APF-SAF  14·0  38·2  36·6  38·0  43·4  54·8  26·1  44·6  4 North of SAF  81·4  43·8  35·7  30·9  30·7  21·1  29·5  31·6 strive to have a minimum sample of 25 individuals to estimate the population response. This is the first study that has attempted to put spatial data collected for a large ocean predator into the context of a population-level response rather than documenting individual behaviour. This is because (i) we employed a robust statistical technique (bootstrapping) that estimated the minimum sample required to record maximum spatial dispersion, and (ii) we had collected a sufficient number of foraging records to estimate a biologically and statistically meaningful result. Many previous studies, often constrained by logistic difficulties, have documented individual behaviour in top-level ocean predators and then extrapolated Table 4 . The total number of seal days and energy consumption by the estimated population of 20 300 female, post-lactation southern elephant seals from Macquarie Island. The data are divided into fortnightly periods from mid-October (Oct2) to the end of January (Jan2) and presented for the three management regions in the area. All data are expressed as lower and upper 95% confidence ranges of time spent in each 350 × 350-km grid cell based on SE calculated by the bootstrap analysis using 10 000 randomizations. The numbers following the month abbreviations indicate either the first (1) or second (2) fortnight of that month Table 5 . The number of seal days that 20 300 post-lactation southern elephant seals spent in each of the ecological zones for each fortnightly period between mid-October (Oct2) and the end of January (Jan2). Also listed are the total energy consumption and estimated prey consumption for each zone. All data are expressed as lower and upper 95% confidence ranges for the proportion of time spent in each 350 × 350-km grid cell based on SE calculated by the bootstrap analysis using 10 000 randomizations. The numbers following the month abbreviations indicate either the first (1) or second (2) Harcourt et al. 2002; albatrosses: Brothers et al. 1998; penguins: Bost et al. 1997) . The procedure employed in this study provides a means of assessing the validity of such extrapolations, and is particularly important when the data are to be incorporated into preyconsumption models. Although the conclusions are robust due to the non-distributional bootstrap method (Manly 1997) , we assumed that the relationship between area occupied and the number of seals sampled followed a simple power function. The representativeness of this function to predict maximum spatial coverage beyond the true sample size needs to be tested further through the addition of more data (i.e. more seals tracked) before further conclusions can be drawn.
   
Female southern elephant seals from Macquarie Island do not forage randomly, being found predominantly between the APF and the SAF (Table 3) during the post-lactation foraging trip. This area (zone 3) also appears to be of importance for other top predators of the Southern Ocean (Hull, Hindell & Michael 1997; Hull 1999; Field et al. 2001 ) and may show greater productivity than surrounding areas given the strong thermal structure associated with these waters (Rintoul, Donguy & Roemmich 1997; Moore & Abbott 2002 ). While we have estimated the dispersion and prey consumption of southern elephant seals relative to oceanographic zones, further studies of these zones, particularly of their biological communities, would be especially enlightening. In addition, elephant seals from Macquarie Island are known to spend a much higher proportion of their time at sea in the zone south of the SACC (zone 1) during winter M. Hindell and C. Bradshaw, unpublished data) , so further research is required to calculate the prey consumption in that area during that time.
     
Recent studies of foraging zones of elephant seals have indicated that they range widely from their subantarctic breeding sites, even to the extent that they enter and forage within high-latitude waters surrounding Table 6 . The total amount of squid and fish prey consumed by 20 300 post-lactation southern elephant seals from Macquarie Island. The data are divided into fortnightly periods from mid-October (Oct2) to the end of January (Jan2), and presented for the three management regions in the area. All data are expressed as lower and upper 95% confidence ranges based on SE calculated for the proportion of time spent in each 350 × 350-km grid cell based on SE calculated by the bootstrap analysis using 10 000 randomizations. The numbers following the month abbreviations indicate either the first (1) or second (2) 
Total prey consumed (× 10 3 tonnes) Oct2 Antarctica (Bester 1989; McConnell & Fedak 1996; Bornemann et al. 2000; van den Hoff et al. 2002) . During the post-lactation phase, female southern elephant seals from Macquarie Island consumed an estimated 3478-3577 tonnes of fish within CCAMLR Statistical Subareas 88·1, 88·2 and 58·4·1 (Table 6 ). This is approximately 30 times greater than the mean annual commercial harvest of fish for this area between 1995-96 and 1998-99 (Table 8 ). In addition, they consumed 2·6 times more fish within the Australian/Macquarie Island EEZ than the mean annual commercial harvest between 1997-98 and 1998-99 (Table 8) . Although fish are harvested commercially within these areas, squid have not been harvested in recent years (CCAMLR 2000; Goldsworthy et al. 2001) . These data indicated that trophic interactions with commercial fisheries are minimal at present. Further, there is little opportunity for operational interactions. Future increases in fishing effort, however, may result in increased competition between the fishing industry and all top predators, including elephant seals. Alterations to the current trophic structure may also result. One fishery, which may already compete with elephant seals, is that targeting toothfish (Dissostichus spp.). Catch limits for this genus of fish are currently set at 2508 tonnes for Subarea 88·1 and 250 tonnes for Subarea 88·2 (CCAMLR 2000) . Although toothfish are currently believed to be a minor component of southern elephant seal diet (Slip 1995; I. Field, unpublished data) it is likely that future research on southern elephant seal diet will clarify this.
The model of energy and prey consumption used in this paper is simple. It is also subject to a number of assumptions, the first being that diving metabolic rate applies to all times of the foraging trip. The diving metabolic rate is lower than the field metabolic rate because it does not include the increased use of energy for the approximately 10% of the time that seals spend on the surface (Hindell & Lea 1998) . The prey consumption values presented in this paper are therefore underestimates.
Additional bias is due to the poorly documented composition of southern elephant seal diet. Estimates are derived almost solely from small samples of stomach contents collected at the terrestrial haul-out sites (Rodhouse et al. 1992; Green & Burton 1993; Slip 1995; Daneri & Carlini 2002) . These sites are, in most cases, thousands of kilometres from principal foraging Table 7 . The number of seal days that 20 300 post-lactation southern elephant seals spent in each of the ecological zones for each fortnightly period between mid-October (Oct2) and the end of January (Jan2). Also listed are the total energy consumption and estimated prey consumption for each zone. All data are expressed as lower and upper 95% confidence ranges for the proportion of time spent in each 350 × 350-km grid cell based on SE calculated by the bootstrap analysis using 10 000 randomizations. The numbers following the month abbreviations indicate either the first (1) or second (2) 
areas and most dietary remains are likely to have been voided by this time (Krockenberger & Bryden 1994) . While the current estimates are an oversimplification (Boyd, Arnbom & Fedak 1994) , they are the only ones available for use in trophic models. However, advances in diet-estimation technology, primarily through fatty acid signature analysis, will probably provide more information on which to base prey-consumption models (Best et al. 2003) .
Conclusions
Even though they breed in the subantarctic, southern elephant seals from Macquarie Island spend a significant proportion of their time in Antarctic waters (c. 25% of total time in CCAMLR Statistical Subareas and in some months up to 36% of the population's time spent at sea in these Subareas). However, these figures represent the use and potential prey consumption for only one component of the population during only one season of the year. It is already known that male southern elephant seals spend more time in the high Antarctic during this time of year (Slip 1997a) , and even adult females forage extensively in this region during winter (C. Bradshaw & M. Hindell, unpublished data) . Recent work on juvenile seals from Macquarie Island also indicates that they too occupy significant portions of the subantarctic and Antarctic waters in this region (van den Hoff et al. 2002) . At present, there have been too few juvenile and adult male seals, or adult females during winter, studied to apply the same kind of analysis to determine sample representativeness. Elephant seals are likely to provide important information on the Antarctic marine ecosystem due to their tendency to forage within large regions of the CCAMLR management area. Large numbers of individuals suitable for study return to Macquarie Island each year, making them ideal candidates as monitoring organisms. This is particularly pertinent as preliminary data from longitudinal studies identify foraging site fidelity among years (C. Bradshaw & M. Hindell, unpublished data) . However, southern elephant seals also forage in waters to the north of Macquarie, particularly during their dispersal phases. It is unlikely that the majority of their feeding occurs during these phases. Therefore, more data are required to assess the contribution of feeding during these times and the potential for conflict with commercial fisheries (Table 8 ; Goldsworthy et al. 2001) . The data collected and analysed in this paper were part of a longer-term study of elephant seal foraging ecology in which winter foraging and diet composition data are at present being Table 8 . Mean commercial fishery catches (tonnes ± SE) from 1995-96 to 1998-99 for major cephalopod and fish taxa also eaten by southern elephant seals within fishery management zones: CCAMLR Statistical Subareas 58·4·1, 88·1 and 88·2 south of Australia (SAUS) and EEZ of Australia-Macquarie Island (MI-EEZ) and southern New Zealand (NZ-EEZ fisheries management area 6, FMA6) (CCAMLR 2000) . Also shown are the mean estimated consumption values (tonnes) of fish and squid by breeding female southern elephant seals (SES) during the post-lactation (PL) period and annually (this study . 
